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D&  FeNDeahC  E 


OF  FROLONGei)  .hFTeRLuViI NeeCEuCE  0?  PROTeINS  ON  THE 
SuG  GNDaRY  STRJCTuhE  0?  THEIR  MOLeCULES 


/“Following  is  the  translation  of  an  article  by  S.  L. 
<h:sontsov,  S.  L>.  Nisenbaum,  and  8 .  V.  Konev,  Labora¬ 
tory  of  oiophyoics  und  Isotopes,  AN  LSSR,  Minsk,  pub¬ 
lished  in  the  Russian-language  periodical  Bloflzlka 
(oiophysic3 )  1968,  Vol  XIII,  No  3,  pp  428—432,  It 
v.-as  submitted  on  1  bep  1967,  7 


In  a  provious  work  ZS7  we  showed  that  the  structural  transitions 
v/hicn  take  place  in  molecules  of  pepsin  in  the  acid  and  alkaline  pH 
range  cause  a  cnange  in  the  kinetic 3  of  attenuation  of  aftorlumi- 
ncscenco  of  solutions  of  this  protein,  but  it  remained  unclear, 
will  the  parameters  of  prolonged  aftorluminescence  of  other  proteins 
correlate  with  changes  in  the  structure  of  their  molecules  and, 
wnat  is  most  important,  during  reorganization  of  what  or  which  levels 
of  structural  organization  does  a  change  take  place  in  the  nature  of 
transformation  of  energy  of  light  quanta,  absorbed  by  the  protein 
molecule,  into  energy  of  prolonged  afterluminescence. 

In  connection  with  this  in  the  present  paper  Investigations  are 
continued  on  the  influence  of  the  structure  of  the  protein  macro¬ 
molecule  on  the  kinetics  of  attenuation  of  prolonged  afterluminescence 
of  solutions  of  proteins. 

Measurements  were  made  on  a  unit  ar.d  by  the  method  described 
earlier  /X 7.  In  the  work  we  used  imported  commercial  preparations  of 
proteins  which  had  not  be  subjected  to  additional  purification:  serum 
albumin  of  a  bull  (SAB),  "Koch-Light  Laboratories";  human  serum  al¬ 
bumin  (SACh),  "Cyclo  Chem.  Corp.";  pepsin  5X  cryst.,  "Lawson";  egg 
albumin  (Ya.i)-::-  "VDN" ;  globin  and  trypsin,  "Spofa";  chyraotrypsinogen 
OX  cryst.,  lysozyme  and  trypsin  inhibitor,  "Reanal" . 

:he  preparation  was  kindly  given  to  us  by  I.  1.  Sapezhlnskiy,  to 
v.vxm  the  authors  express  their  deep  thanks. 

In  concentrations  of  0.025 — 0.2)o  the  proteins  were  diluted  in 
0.1  n  KC1.  Change  of  pH  of  the  protein  solutions  was  achieved  by 
adding  0.2  n  IIC1  and  0.1  n  KOH  to  them.  pH  values  were  controlled 
with  an  accuracy  to  0.05  units.  As  agents  for  changing  the  struc¬ 
ture  of  the  protein  macromolecule  we  used  urea,  guanidine  hydrochlor¬ 
ide,  an  anion  detergent  Na-dodecylsulfate  (NDS),  ethylene  glycol, 
and  methyl  and  propyl  alcohol.  For  a  quantitative  appraisal  of 
change  in  the  parameters  of  prolonged  afterluminescence  of  proteins 
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in  various  structural  states  we  meusured  the  constant  (K)  of  rate  of 
attenuation  of  afterlumino sconce  in  coordinates  lg  of  intensity  - 
time.  i'’or  K  we  used  a  value,  reverse  to  the  time  of  life  of  free 
radicals  +£  •  In  certain  cases  we  determined  the  intensity  of  lumi¬ 
nescence  in  20  seconds  after  termination  of  irradiation  (I20)  and 

the  timo  for  a  decrease  of  I  by  2  times  (tA.).  Calculation  of  curves 

was  performed  on  the  segment  from  the  beginning  of  attenuation  to 
approximately  3—4  minutes. 

ns  is  known,  urea  and  guanidine  are  effective  agents  for  de- 
spiraling  of  protein  molecules.  Therefore  first  of  all  a  study  was 
made  of  tne  influence  of  these  substances  on  the  parameters  of 
af terluminescenoe • 

It  is  necessary  to  note  the  difficulty  which  developed  during 
measurements  of  the  afterluminescence  of  proteins  with  various 
admixtures  due  to  the  luminescence  of  the  admixtures  themselves. 
Assuming  that  in  our  case  the  law  of  additivity  was  satisfactorily 
fulfilled,  we  obtained  the  true  picture  of  attenuation  of  luminescence 
of  the  changed  protein  as  the  difference  in  the  curves  of  total  lumi¬ 
nescence  and  the  luminescence  of  the  admixture. 


Table  1 


Parameters  of  afterluminescence  of  proteins  in  a  native  state  and 
after  10  seconds  of  action  of  guanidine  on  them  (3M  guanidine) 
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I20  *-  intensity  of  luminescence  in  20  seconds  after  termination  of 
irradiation;  tl  -  time  for  decrease  of  I  by  two  times.  Concentration 
of  proteins  -  0.1%.  All  measurements  at  pH  7  (pepsin  -  pH  5.5) 
in  0.1  n  KC1. 

Hey:  (a)  Protoin;  (b)  K  sec"1;  (c)  ti  (sec);  (d)  native  protein; 

(e)  protein  in  guanidine;  (f)  I oq  of  native  protein/;  (g)/l 
native  protein  in  guanidine;  (h)  SaB;  (i)  SACh;  (j)  Trypsin 
tor;  (k)  Lysozyme;  (1)  Chymotrypsinogen;  (ra)  YaA;  (n)  Trypsin; 

(o)  Globin;  (p)  Pepsin. 
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Figure  1.  (a)  Curves  of  attenuation  of  afterluminescence  of  a 

0.025$»  bull  serum  albumin  in  a  native  state  (1)  and  in  a  solution 
of  3M  guanidine  (2).  3  -  attenuation  of  afterluminescence  of 

O.lfr  SaB  in  3I«1  guanidine,  (b)  Anamorphosis  of  curves  of  attenua¬ 
tion  in  coordinates  lg  I — t. 

I  -intensity  of  luminescence  in  relative  units;  t  -  time  in  seconds. 
Temperature  20°. 


The  results  of  measurements  of  K,  Iqqj  and  t.a.  for  solutions  of 

nine  proteins  in  a  native  state  and  after  a  10-second  action  of 
hydrochloride  guanidine  on  them  are  presented  in  Table  1.  On  Fig.  1 
is  shown  the  action  of  guanidine  on  the  parameters  of  afterluminescence 
of  S-iB.  all  the  measurements  were  made  at  pH  7  (with  the  exception 
of  pepsin  -  pH  5.5).  In  this  series  of  tests  5  ml  of  6M  solution  of 
guanidine  was  mixed  with  5  ml  of  irradiated  solution  of  protein. 

Tnis  eliminated  the  necessity  of  taking  into  consideration  of  the 
luminescence  of  guanidine  itself.  It  can  be  seen  from  Table  1  that 
X  of  afterluminescence  of  protein  in  3M  guanidine  in  all  cases  is 
greater  than  the  corresponding  value  for  native  protein,  but  X2q 

is  less.  An  analogous  effect  was  exerted  by  solutions  of  urea.  How¬ 
ever,  it  may  be  thought  that  the  change  in  the  parameters  of  after¬ 
luminescence  is  caused  not  by  a  change  in  the  structure  of  protein, 
but  by  the  influence  of  guanidine  and  urea  on  physico-chemical  pro¬ 
cesses,  leading  to  scintillation.  In  order  to  check  this  assumption 
a  study  was  made  of  the  action  of  guanidine  and  urea  on  glycyl-tryp- 
tophan  and  lactalbumin  hydrolyzate  (Fig.  2,  B).  It  turned  out  that 
neither  SIvI  of  urea  nor  3i'.i  of  guanidine  changes  the  K  of  attenuation 
of  afterluminescence  of  these  substances.  A  more  correct  control 
would  be  the  investigation  of  the  influence  of  urea  or  guanidine  on 
a  preparation,  completely  devoid  of  the  characteristic  protein 
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tfrot£inr%o*Vhtttinin^  amin0  aeld  composition  as  in  native 

,  °?  0D^a5n;i-nG  such  a  preparation  the  BAB  was  aubiocted 

It  v/iJh  P®iJsin  (ratio  by  weight  of  pepsin  to  SaB  1*100) 

It  follows  from  Pig.  2,  A  that,  first  of  all,  K  of  the  ppoteolwato* 
is  considerably  greater  than  in  native  protein,  which  by  itself 
reflfl  cts  tno  influence  of  structure  on  the  kinetics  of  attenuation, 
and  ,  secondly,  X  of  the  proteolyzatc  docs  not  change  in  a  oM 
solution  of  guanidine* 


Thus  it  can  be  maintained  that  the  change  in  the  parameters  of 
prolonged  afterluminescence  of  proteins  fQllowing  the  action  of 
guanidine  and  urea  on  them  is  caused  by  the  disruption  of  their 
native  structure* 


Fig*  2,  A,  1  -  kinetics  of  attenuation  of  afterluminescence  of  an 
0.2>>  solution  of  proteolyzate  of  bull  serum  albumin  (pH  7,  0.1  n 
HC1);  2  -  same  in  the  prosence  of  31*1  solution  of  guanidine;  3  - 
attenuation  of  afterluminescence  of  native  protein:  B*  1  -  depen¬ 
dence  of  constant  of  afterluminescence  K  (seconds “I  •  10”3)  of 
bull  serum  albumin  on  the  concentration  of  urea  (pH  7,  0.1  n  KC1); 
2  -  samo  for  lactalbumin  hydrolyzate. 


Also  in  favor  of  this  affirmation  is  the  dependence  of  attenua¬ 
tion  of  afterluminescence  of  Sa3  on  the  concentration  of  urea  (Fig* 

2,  3),  which  agrees  well  with  the  dependence  on  the  concentration 
of  urea,  viscosity,  and  specific  optical  rotation  /2,57*  Just  as 
the  changes  of  viscosity  and  optical  rotation,  changes’  in  the  para¬ 
meters  of  afterluminescence  bear  a  reversible  nature.  Following  a 
3-fold  dilution  of  a  mixture  of  proteins — 8M  urea  with  0.1  n  solution 
of  KC1,  immediately  after  irradiation  K  of  attenuation  turned  out 
to  be  considerably  greater  than  in  native  protein*  However,  the 
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kino tics  of  attenuation  of  the  same  mixture,  recorded  5  minutes 
uftor  dilution,  differed  little  from  the  kinetics  of  attenuation 
of  native  protein  (Pig3.  3,  a).  In  other  words,  changes  of  K  under 
tiic  action  of  uroa  wore  reversible  as  a  result  of  the  processes 
of  ronaturation  of  protein,  which  are  complotod  in  several  minutes. 
The  time  of  ronaturation  was  roducocl  with  a  lowering  of  the  end 
concentration  of  uroa  in  the  diluted  mixture.  Thus,  following 
irradiation  of  SAB  in  6..I  uroa  and  tho  subsequent  strong  dilution 
of  tho  mixture  to  a  urea  concentration  of  0.4 hi,  we  immediately 
obtainod  kinotics  of  attenuation  which  are  close  based  on  para¬ 
meters  to  tho  afterluminescence  of  native  protein. 


t.  l£3C 

s 

Pig.  3.  A  -  Kinotics  of  attenuation  of  afterluminescence  of  Q»1% 
solution  of  bull  serum  albumin  (pH  7,  0.1  n  KC1)  in  urea. 

The  protein  -  8 IA  urea  mixture  was  diluted  three  times  after  irrad¬ 
iation;  1  -  immediately  after  dilution;  2-5  minutes  after  dilu¬ 
tion.  B  -  1  -  Kinetics  of  attenuation  of  afterlumine sconce  of 
O.C5$i  solution  of  SA3  in  water,  pH  7  (without  addition  of  KC1); 

2  -  same  in  Blvl  urea;  3  -  same  after  addition  of  2  HDS .  Ratio  of 
concentrations  of  detergent  to  protein  l/lO. 


The  last  result  and  the  experiments  discussed  above  (Table  1), 
in  wnich  guanidine  was  introduced  into  the  solution  after  irradiation 
of  the  protein,  indicate  that  the  change  in  the  parameters  of 
afterluminescence  is  not  the  result  of  the  possible  effect  of  struc- 
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turo  on  the  nature  of  products  which  are  formed  in  the  luminous 
stage  of  the  photoo:iomioal  procoss,  but  is  connected  with  tho  in¬ 
fluence  of  structure  on  cvont3  which  take  place  in  the  course  of 
obscure  reactions  and  aro  terminated  with  scintillation 

it  is  interesting  to  noto  that  various  protoins  aro  distinguished 
not  only  bused  on  constant  of  rate  of  attenuation,  but  also  based 
on  tho  sensitivity  of  parameters  of  ufterlumineaconco  to  tno  action 
of  guanidine  and  urea.  At  tho  same  time  that  for  dab  tho  greatest 
changes  of  ii  and  I2q  wore  observed,  the  K  of  YaA  under  conditions 

of  the  experiment  was  changed  insignificantly.  If  in  4 &  urea  K  of 
aftcrlumine sconce  of  SAB  is  significantly  increased,  then  for  pepsin 
with  tho  same  concentrations  of  urea  K  does  not  change.  This 
agrees  with  tho  greater,  in  comparison  with  other  proteins,  stability 
of  the  structure  of  YaA  and  pepsin  to  the  action  of  despiralizing 
agents  /57. 


Table  2 

Influence  of  spiralizing  solutions  on  parameters  of  afterluminescence 
of  proteins 
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Key:  (a)  Spiralizing  solution;  (b)  Protein;  (c)  YaA  (on  top)  and 
SAB  (below);  (d)  ti,  sec  in  water;  (e)  t.\,  sec  in  spiralizing  soiu- 

tion;  (f)  Ratio  of  I20  in  spiralizing  solution  to  I2q  in  water; 

' g)  Aothyl  alcohol  70J5  +  0.01  n  HC1;  (h)  Propyl  alcohol  5  ($+0.01  HC1; 
(i)Bthylene  glycol. 

It  follows  from  the  data  cited  that  breakdown  of  the  secondary 
and  tertiary  structure  of  the  protein  molecule  leads  to  a  drop  in  the 
intensity  of  and  an  increase  in  the  constant  of  rate  of  attenuation 
of  afterluminoscence.  It  could  have  been  expected  that  agents, 
exerting  an  opposite  action  on  secondary  structure,  i.e.,  increasing 
the  fa  of  spiralization,  cause  an  opposite  effect,  decreasing  K  and 
increasing  the  intensity  of  luminescence.  Such  an  action  is  possessed, 
for  example,  by  HDS,  which  restores  the  initial  values  of  viscosity 
and  specific  optical  rotation  in  proteins  which  have  been  denatured 
with  61,1  urea  •  We  observed  an  analogous  influence  of  NDS  based 

on  parameters  of” afterluminescence  (Pig.  3,  B):  tho  addition  of 
0.5  mg  liDS  to  5  mg  of  SAB,  denatured  with  8M  urea,  completely  re¬ 
stored  the  value  of  K,  although  the  intensity  of  afterluminoscence 
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wug  not  increased  to  tho  value  which  is  characteristic  for  native 
protein.  Tho  offoct  of  tho  action  of  NDS  did  not  depend  on  when  it 
v/as  added  to  tho  solution  of  protein,  simultaneous  with  the  urea  or 
aftor  it,  sinco  urea  already  had  an  offoct  on  tho  proto ins. 

Prom  tho  same  point  of  view  there  is  interost  in  the  action  of 
sovorui  low-polarity  solutions  which  disrupt  tho  tertiary  structure 
of  a  protein  and  increase  tho  dogroo  of  alpha-spiral izution  of 
molecules.  It  is  known,  for  example,  that  methanol  and  propanol 
possess  a  spiral izing  offoct.  The  effect  of  spiralization  is 
increased  in  an  acid  medium  /o7. 

In  Table  2  aro  presented  the  results  of  experiment:  on  the 
measurement  of  tx  and  IgQ  for  SAB  and  YaA  in  methyl  and  propyl 

alcohols  at  pH  2.2  and  in  ethylene  glycol  at  pH  7.0,  and  on  Pig.  4 
are  dopicted  the  curves  of  attenuation  of  YaA  in  water  and  in  methyl 
alcohol. 


Fig.  4.  1  -  curve  of  attenuation  of  afterluminescence  of  0.1$ 

egg  albumin  at  pH  2.2;  2  -  curve  of  attenuation  of  a  mixture  of 
egg  albumin  —  70$  methyl  alcohol  (pH  2.2);  5  -  afterluminescence 
of  solvent  (70$  methyl  alcohol  at  pH  2.2). 


In  acid  aqueous  solutions  of  SAB  and  YaA  it  was  not  possible 
wo  measure  A.  due  to  the  low  intensity  of  afterlumino sconce,  therefore 
it  was  nocessary  to  be  limited  to  the  measuring  of  ti. 
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In  conformity  with  data  on  an  increase  of  spiral lty  of  proteins  in 
methanol  and  propanol  at  pH  2.2,  wo  observed  a  considerable  increase 
of  I20  and  t,u  Changes  of  those  parameters  in  othylon©  glycol  at 

pH  2*2  could  not  bo  detected*  Attention  is  drawn  to  the  fact  that 
the  action  of  ethylene  glycol  on  SAB  and  YaA  at  pK  7  bore  an  opposite 
nature*  The  lessoning  of  t.i.  and  I2Q  in  SAB  under  those  conditions 

is  apparently  connooted  with  tho  groat  change  in  tho  tertiary  otruo- 
ture  of  the  protein  molecule  (in  comparison  with  secondary) :  in 
weakly  polar  solvents  the  tertiary  structure  of  these  proteins  is 
partially  disrupted,  and  the  effect  of  spiralization  in  SAB,  in 
contrast  to  YaA,  is  insignificant  /6 7. 

llowevor,  it  seems  to  us  that  the  secondary  structure  makes  a 
greater  contribution  to  the  values  of  K,  I20*  oA,  than  tertiary. 

This  is  testified  to  by  the  fact  that  in  solvents  with  little 
polarity  in  an  acid  medium,  where  the  tertiary  structure  is  disrup¬ 
ted,  an  increase  of  spiralization  leads,  nevertheless,  to  a  decrease 
of  K  and  amplification  of  intensity  of  afterluminescence.  The 
question  concerning  the  influence  of  secondary  and  tertiary  structure 
of  a  protein  on  the  parameters  of  afterluminescence  requires  further 
investigations • 


-  Conclusions 

l.V- Investigations  were  made  of  the  parameters  of  a  number  of 
proteins  in  a  native  state,  in  solutions  of  urea,  guanidine  aodecyl- 
sulfate,  and  in  weakly  polar  solvents. 


Unfolding  of  the  secondary  structure  of  macromolocules  of 
protein  is  accompanied  by  an  increase  in  the  constant  of  rate  of 
attenuation  and  a  lessening  of  intensity  of  luminescence. 


An  increase,  under  the  influence  of  dodecylsulfate,  of  the 
dogreo  of  spiralization  of  protein  which  has  been  denatured  by 
urea  leads  to  restoration  of  the  value  of  K  to  values  which  are 
characteristic  for  native  protein. 


An  increase  of  degree  of  spiralization  with  a  simultaneous 
disruption  of  tertiary  structure  leads  to  an  increase  in  intensity 
and  decrease  of  the  constant  of  the  rate  of  attenuation  of  after¬ 
luminescence. 


The  structure  of  a  macroraolecule  exerts  a  predominant  in¬ 
fluence  on  the  parameters  of  afterluminescence  of  pro~eir.s  in  the 
course  of  obscure  processes  which  begin  after  cessation  of  irradiation 
and  lead  to  scintillation.  (  )  s  . 


6»  To  a  oortain  degree  the  parameters  of  afterluminosoence  of 
protoins  reflect  tho  degree  of  alpha-spirulization  of  their  poly- 
poptido  chains. 
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